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Abstract
Background: Extracorporeal life support (ECLS) is used to support the cardiorespiratory function in case of severe
cardiac and/or respiratory failure in critically ill patients. According to the ELSO guidelines ECLS should be considered
when estimated mortality risk approximates 80%. ECLS seems an efficient therapy in terms of survival benefit, but no
undisputed evidence is delivered yet. The aim of the study is to assess the health-related quality of life after ECLS
treatment and its cost effectiveness.
Methods: We will perform a prospective observational cohort study. All adult patients who receive ECLS in
the participating centers will be included. Exclusion criteria are patients in whom the ECLS is only used to
bridge a procedure (like a high risk percutaneous coronary intervention or surgery) or the absence of informed consent.
Data collection includes patient characteristics and data specific for ECLS treatment. Severity of illness and mortality risk is
measured as precisely as possible using measurements for the appropriate age group and organ failure. For analyses on
survival patients will act as their own control as we compare the actual survival with the estimated mortality on initiation
of ECLS if conservative treatment would have been continued. Survivors are asked to complete validated questionnaires
on health related quality of life (EQ5D-5 L) and on medical consumption and productivity losses (iMTA/iPCQ) at 6 and
12 months. Also the health related quality of life 1 month prior to ECLS initiation will be obtained by a questionnaire, if
needed provided by relatives. With an estimated overall survival of 62% 210 patients need to be recruited to make a
statement on cost effectiveness for all ECLS indications.
Discussion: If our hypothesis that ECLS treatment is cost-effective is confirmed by this prospective study this could lead
to an even broader use of ECLS treatment.
Trial registration: The trial is registered at (NCT02837419) registration date July 19, 2016 and with the Dutch trial
register, http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=6599
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Background
Extracorporeal life support (ECLS) by means of extracor-
poreal membrane oxygenation (ECMO) utilization can sup-
port the heart and lung for an extended period of time, up
to months, an is deployed in the Intensive Care Unit (ICU).
The indication for ECLS is acute, potentially reversible car-
diac or respiratory failure, when conventional therapy has
been inadequate [1]. In addition, ECLS can also be used in
patients with terminal respiratory or cardiac failure as a
bridge to transplant, and to support cardiopulmonary
resuscitation; extracorporeal cardiopulmonary resuscitation.
ECMO is proven beneficial in mature infants with
severe but potentially reversible respiratory failure leading
to a significantly improved survival without increased risk
of severe disability [2]. The increased use of ECLS after
the CESAR trial, during the H1N1 pandemic and advances
in device technology renewed interest in ECLS utilization
in adults [3]. ECLS seems an efficient therapy for cardiac
and respiratory failure, but unfortunately no undisputed
evidence from randomized controlled trials is delivered
yet. Furthermore, currently no detailed information on
costs of ECLS therapy is available. The urge for economic
evaluations emerges from the increasing deployment of
ECLS. The CESAR trial was the first adult trial performed
for cost comparison between ECLS and mechanical venti-
lation for severe adult respiratory distress syndrome
(ARDS) [3]. This trial provided data concerning the sub-
group of patients with severe ARDS suitable for veno-
venous ECLS and compared referral to a center that of-
fered ECLS with conventional management at the original
center, not ECLS therapy itself; 68 out of 90 referred
patients actually received ECLS therapy. Mean health-care
costs per patient were more than twice as high for patients
allocated to consideration for ECLS than for those allo-
cated to conventional management. We previously per-
formed a detailed exploratory cost study to gain insight in
the hospital costs related to ECLS therapy regardless of in-
dication and found that an ECLS patient carried a mean
total hospital cost of €109.407. With a total of 72 patients,
our study is the largest economic evaluation, providing a
detailed insight of hospital costs in adults treated with
ECLS and thus constitutes a first step in assessing it’s
cost-effectiveness [4]. The next step in assessing the cost-
effectiveness of ECLS therapy is to proceed with an eco-
nomic evaluation in which costs from a societal perspec-
tive are considered. More knowledge about outcome
variables such as life years gained and quality adjusted life
years (QALY’s) needs to be gathered in a prospective man-
ner. Then, interpretation of the total hospital costs in con-
text to the outcome of ECLS patients is possible with the
aim to study whether patients actually benefit from ECLS
treatment and at what costs.
A direct comparison between usual care and ECLS, e.g.
by means of a randomized trial, is very complex since
standard treatment (no ECLS) will result in death in a vast
majority of cases. However, several ICU scoring systems
exist that predict hospital mortality of individual patients.
Depending on the indication, i.e. underlying disease, RESP
score, SAVE-score, APACHE-4, SAPS-III or SOFA score
are the most reliable for that purpose [5–9].
Methods/design
The design is a multi-center prospective observational
cohort study with the aim to assess the health-related qual-
ity of life after ECLS treatment and the associated costs.
We expect that survivors of ECLS therapy have a good
quality of life and life expectancy. Lifetime predicted costs
for QALYs are expected to be cost-effective. Therefore our
hypothesis is that ECLS treatment is cost effective.
Inclusion criteria
All adult patients who receive ECLS will be included.
With our consortium we cover nearly all ECLS treat-
ments in The Netherlands. In general, according to
the ELSO guidelines, ECLS can be considered in
acute severe heart and/or lung failure with high mor-
tality risk despite optimal conventional therapy. ECLS
is indicated in most circumstances at 80% mortality
risk. Severity of illness and mortality risk is measured
as precisely as possible using measurements for the
appropriate age group and organ failure.
Exclusion criteria
Patients in whom the ECLS in only used to bridge a pro-
cedure like a high risk percutaneous coronary intervention
or during surgery.
Ethics
The need for ethical approval was waived by the
institutional medical ethics board of the University
Medical Center of Groningen (protocol number METc
2017/196), and written informed consent will be obtained
from all patients or legal representatives.
The predicted mortality for every patient at the
initiation of ECLS is used and compared with the
actual mortality at one year of each patient. That
means that every patient acts as his own control.
Depending on the indication or the underlying dis-
ease, the APACHE-4, SOFA score, RESP score, or
SAVE score will be used to estimate mortality. Al-
though the used models predict hospital mortality in-
stead of one year mortality, the vast majority of
mortality is during hospital admission, so the used
mortality prediction is expected to be valid for one
year survival analyses as well [10, 11].
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Outcome measures
The primary outcome is health related quality of life
assessed with the EQ-5D-5 L questioning list 12 months
after initiation of ECS treatment.
The EQ-5D-5 L questioning list consists of a descrip-
tive system with 5 domains (mobility, self-care, usual
activities, pain/discomfort, anxiety/depression) with 5
possible levels on each which can be converted in to a
single summary index score, which represents the soci-
etal perspective on quality of life (QoL), and a score on a
visual analogue scale, which represents the patient’s per-
spective in QoL. The iMTA questionnaire is used to
assess medical consumption at 6 and 12 months after
initiation of ECLS treatment. The iPCQ questionnaire is
used to assess productivity losses at 6 and 12 months
after initiation of ECLS treatment.
Secondary outcome is one year survival. Additional
measurements are EQ-5D-visual analog scale (VAS)
score and societal costs. Same parameters are assessed at
6 months, and 1 month before ECLS treatment, the lat-
ter retrospectively provided at admission, if needed by
relatives.
Subgroup analysis
In order to estimate cost-efficacy of ECLS based on indica-
tion patients will be categorized into six different sub-
groups: respiratory – bridge to recovery, respiratory –
bridge to transplant, cardiac – bridge to recovery, cardiac –
bridge to transplant, cardiac – post-cardiotomy, and extra-
corporeal cardiopulmonary resuscitation.
Sample size calculation
Sample size calculation is based on survival with a good
health related-QoL assessed with the EQ-5D-VAS ques-
tionnaire one year after initiation of ECLS treatment.
Predicted mortality in usual care is 80%. Overall,
expected mortality in patients with ECLS treatment is
38%. The increase in survival is thus 42%. To demon-
strate an effect on survival 25 patients are needed: risk
ratio 0.48 (95%CI 0.28–0.82). In usual care 90% will have
a poor outcome, for sake of power analysis defined as
dead or an EQ-5D-VAS below the median. With ECLS
treatment this will be 69% so 132 patients are needed to
demonstrate an effect on QoL. To compensate for a 5%
less effect and 5% drop-outs 210 patients will be enrolled
to include 200 patients with complete follow-up in the
final analysis (RR 0.82; 95%CI 0.75–0.90). Based on a
38% mortality and a study duration of 3 years, 124 (62%
out of 200) patients have a complete one year follow-up
at the end of the study.
Statistics
With the additional information on costs (apart from
direct hospital costs already available) assessed within
this study it is now possible to calculate the costs of
ECLS therapy related to mortality. Based on case-fatality
and health related-QoL we will be able to assess QALY’s.
For this calculation the predicted mortality at initiation
of ECLS therapy is used for comparison. Many patients
treated with ECLS survive only after lung transplant-
ation, heart transplantation or implantation of a left ven-
tricular assist device. Life expectancy of the study
population can thus be based on the average expecta-
tions of that particular patient category. The remaining
patients who were treated with ECLS as a bridge to re-
covery have a reasonable good quality of life [10, 12].
Based on our follow-up study of ICU patients we expect
that the median health related-QoL in surviving patients
will be 0.83 after one year, which results in 0.36 QALY
gained per treated patient. Although additional total
healthcare costs and loss of income will be substantial
and assumed to exceed €172,200 after one year com-
pared with usual care, lifetime-predicted costs and
QALYs is expected to be cost-effective due to the rela-
tively good life-expectancy of survivors. With data from
200 patients of which 62% survive until one-year follow-
up we will be able to make a statement about cost-
effectiveness for all indications for ECLS.
A cost effectiveness analysis as well as a Budget Impact
Analysis will be performed in accordance with the Dutch
guidelines [13, 14].
Cost effectiveness analysis (CEA)
In the economic evaluation, the primary aim will be
to estimate societal costs of ECLS utilization. The
secondary aim will be to estimate the cost effective-
ness and cost utility of ECLS utilization compared to
usual care (from a societal perspective). The cost
effectiveness analysis will be performed based on sur-
vival. The costs utility analysis will be performed
based on EuroQol (EQ-5D-5 L) defined utilities. Re-
sults of the cost utility analysis will display the extra
costs or savings of ECLS, in order to gain one QALY,
compared to usual care. The time horizon of this
clinical study will be 1 year, therefore the analysis will
not include discounting of costs and effects. Scenario
analyses are planned within the trial based evaluation
as well as in the model that estimated the effects over
a life time horizon. Bootstrap re-sampling will be per-
formed on the cost and effect pairs in order to calcu-
late confidence intervals. Furthermore, cost effectiveness
acceptability curves will be plotted, to estimate the prob-
ability that ECLS is more cost-effective than usual care,
for different amounts of money that a decision maker may
be willing to pay for one additional QALY. The trial based
results of the CEA, together with available data from lit-
erature, will be extrapolated to a life time horizon, using
decision modeling in a secondary analysis.
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Cost analysis
All direct medical cost items, expected to be affected by the
ECLS therapy will be registered on a patient level, and
valued according to the Dutch standard guidelines for eco-
nomic evaluations [14]. Non-medical costs such as trans-
portation to an ECLS center, informal care and productivity
losses/regained productivity (of patient and partner) will be
measured by means of a question in the questionnaire.
Costs of resource use outside the hospital, such as product-
ivity losses or traveling expenses will be collected using the
relevant parts of the iMTA cost questionnaires.
Patient outcome analysis
Utility will be measured using the EuroQol (EQ-5D-5 L)
at six months and one year. In order to value the EQ-5D
profiles, the new Dutch algorithm will be used [15]. The
use of the EQ-5D as a generic measure in economic evalu-
ations facilitates the comparability of (cost effectiveness)
results across different studies and interventions.
Budget impact analysis (BIA)
Budget impact analysis will be performed from a health
care perspective, and in addition from health insurance
perspective. The base care scenario will focus on 1 year
impact on a national level. Scenario analysis will adopt a
5 to 10 year horizon (life time).
Cost-analysis: A BIA will be conducted to inform
decision-makers about the financial consequences of the
adoption and diffusion of the use of ECLS in the Dutch
healthcare system. The BIA will use a deterministic
model. The model input parameters will mainly be based
on results of the recently conducted cost study (hospital
perspective), the current clinical and cost-effectiveness
study, and available literature. The analyses will be con-
ducted from various perspectives, including a direct
medical perspective, a budgetary care perspective and a
health insurers perspective. For the analysis from a dir-
ect medical perspective, only cost within the healthcare
sector will be taken into account. Unit prices will be
based on Dutch standard prices. For the other perspec-
tives, national tariffs will be applied and the scope of in-
cluded costs will be limited to those relevant for the
perspective concerned. The precision of costs will be in
accordance with the described perspectives (€M).
Given the fact that for the populations under study,
the standard care consists of ‘no ECLS’, the model will
only take changes in the availability and adoption of the
use of ECLS into account by calculating the financial
consequences of the following scenarios:
– Situation in which all patients that are in principal
suitable to use receive ECLS treatment, will receive
standard care in the hospital, according to the
current practice, which means no ECLS
– Situation in which all suitable patients receive ECLS
according to the current study protocol
– Situation in which ECLS utilization will gradually be
implemented in new hospitals.
– Situation in which ECLS is considered suitable and
available for varying percentages of the targeted
population
– Situation in which the indication for ECLS will
gradually be broadened.
For each of the presented scenarios, a time horizon up
to 5–10 years will be applied. Alternative time horizons
will be addressed in sensitivity analyses. Costs will be
calculated based on changes in resource use, valued
against the price level relevant from the various perspec-
tives. Discounting of future costs will not be applied in
the BIA. The model will allow additional analyses for
subgroups of patients. These analyses mainly include the
shift in the subgroups of patients based on indication
and severity. Budget information for relevant subgroups
will be made available for decision makers. The planned
sensitivity analysis will address the main input parame-
ters and assumptions of the model, and financial conse-
quences of variations in model parameters will be
calculated for each of the applied perspectives [16].
Discussion
The study uses a prospective observational design and
not of a randomized controlled trial. A randomized con-
trolled trial in ECLS would be very challenging for both
the logistic and ethical reasons. We expect in the current
time that the initiation of a randomized controlled trial
would lead to bias and therefore impairing the external
validity of the results. Our observational design with the
use of predicted mortality of individual patients at the
moment of initiating of ECLS as an internal comparison
resembles the methods of a randomized controlled trial
the most. In contrast to a randomized controlled trial
our design prevents bias on the basis of indication and
selection because all consecutive patients will be
included. This guarantees the inclusion of a real world
patient population that is clinical relevant.
ECLS is currently offered in many centers worldwide,
but application per population range enormously even
within countries. It is estimated that in some regions the
amount of eligible patients is 10-fold the current num-
ber. Although assumed to be beneficial in terms of life
saving application may be hampered by the apparent
high costs and that ECLS is not covered by the health
insurance in some countries. In summary, we expect
that ECLS treatment is cost-effectiveness, in this case
defined as having an additional benefit worth the add-
itional cost. When cost-effectiveness is made plausible, a
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gradual increase in ECLS therapy is expected from
which many patients will benefit.
Trial status
The trial is registered at https://clinicaltrials.gov/
(NCT02837419), registration date July 19, 2016.
The trial is registered at the Dutch Trial Register at July 27
2017 http://www.trialregister.nl/trialreg/admin/rctview.asp?
TC=6599
Recruitment will start at December 2017, recruiting dur-
ing 18–24 months, with a 1 year follow up.
Abbreviations
ARDS: Adult respiratory distress syndrome; ECLS: Extracorporeal life support;
ECMO: Extracorporeal membrane oxygenation; ICU: Intensive Care Unit;
QALY: Quality adjusted life year; QoL: Quality of life; VAS: Visual analogue
scale
Acknowledgements
Not applicable.
Funding
This study is funded by an efficiency grant from ZonMw.
Availability of data and materials
The dataset generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.
Authors’ contributions
AOL: 1) made substantial contributions to conception and design of study 2) took
part in data collection, 3) drafting the manuscript. DM, DD, JM. TD, MK, JB, ES, HE,
AV: 1) took part in data collection, 2) were involved in revising the manuscript
critically for important intellectual content; WB 1) made substantial contributions
to conception and design of study 2) Was involved in revising the manuscript
critically for important intellectual content. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
The need for ethical approval was waived by the Medical Ethical committee
from the University Medical Center Groningen (METc 2017/196). Written
informed consent will be obtained from all patients or legal representatives.
Participating centers have signed an intent to participate.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1University Medical Center Groningen, University of Groningen, PO box
30.001, 9700, RB, Groningen, the Netherlands. 2Erasmus Medical Center
Rotterdam, Rotterdam, the Netherlands. 3University Medical Center Utrecht,
Utrecht, the Netherlands. 4Leiden University Medical Center, Leiden, the
Netherlands. 5Maastricht University Medical Center, Maastricht, the
Netherlands. 6Isala, Zwolle, the Netherlands. 7Radboud University Medical
Center, Nijmegen, the Netherlands. 8Sint. Antonius Ziekenhuis Nieuwegein,
Nieuwegein, the Netherlands. 9Onze Lieve Vrouwen Gasthuis, Amsterdam,
the Netherlands. 10Amsterdam Medical Center, Amsterdam, the Netherlands.
Received: 2 November 2017 Accepted: 26 February 2018
References
1. ELSO guidelines. Extracorporeal life support organization, version 1.3,
November 2013, ANN Arbor, USA; available at: https://www.elso.org/
resources/guidelines.aspx
2. Mugford M, Elbourne D, Field D. Extracorporeal membrane oxygenation for
severe respiratory failure in newborn infants. Cochrane Database Syst Rev.
2008;16(3):CD001340. https://doi.org/10.1002/14651858.CD001340.pub2.
3. Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany MM, Hibbert CL,
Truesdale A, Clemens F, Cooper N, Firmin RK, Elbourne D; CESAR trial
collaboration. Efficacy and economic assessment of conventional ventilatory
support versus extracorporeal membrane oxygenation for severe adult
respiratory failure (CESAR): a multicentre randomised controlled trial. Lancet.
2009;17:374(9698):1351–1363. doi: https://doi.org/10.1016/S0140-6736(09)61069-2.
Epub 2009 Sep 15.
4. Oude Lansink-Hartgring A, van den Hengel B, van der Bij W, Erasmus ME,
Mariani MA, Rienstra M, Cernak V, Vermeulen KM, van den Bergh WM; Dutch
extracorporeal life support study group. Hospital Costs Of Extracorporeal
Life Support Therapy. Crit Care Med 2016;44(4):717–723. doi: https://doi.org/
10.1097/CCM.0000000000001477.
5. Schmidt M, Bailey M, Sheldrake J, Hodgson C, Aubron C, Rycus PT,
Scheinkestel C, Cooper DJ, Brodie D, Pellegrino V, Combes A, Pilcher D.
Predicting survival after extracorporeal membrane oxygenation for severe
acute respiratory failure. The Respiratory Extracorporeal Membrane
Oxygenation Survival Prediction (RESP) score. Am J Respir Crit Care Med.
2014;189:1374–82. https://doi.org/10.1164/rccm.201311-2023OC.
6. Schmidt M, Burrell A, Roberts L, Bailey M, Sheldrake J, Rycus PT, Hodgson C,
Scheinkestel C, Cooper DJ, Thiagarajan RR, Brodie D, Pellegrino V, Pilcher D.
Predicting survival after ECMO for refractory cardiogenic shock: the survival
after veno-arterial-ECMO (SAVE)-score. Eur Heart J. 2015;36(33):2246–56.
https://doi.org/10.1093/eurheartj/ehv194. Epub 2015 Jun 1
7. Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute physiology and
chronic health evaluation (APACHE) IV: hospital mortality assessment for
today's critically ill patients. Crit Care Med. 2006;34(5):1297.
8. Moreno RP, Metnitz PG, Almeida E, Jordan B, Bauer P, Campos RA, Iapichino
G, Edbrooke D, Capuzzo M, Le Gall JR. SAPS 3 investigators. SAPS 3–from
evaluation of the patient to evaluation of the intensive care unit. Part 2:
development of a prognostic model for hospital mortality at ICU admission.
Intensive Care Med. 2005;31(10):1345–55. Epub 2005 Aug 17
9. Vincent JL, de Mendonça A, Cantraine F, Moreno R, Takala J, Suter PM,
Sprung CL, Colardyn F, Blecher S. Use of the SOFA score to assess the
incidence of organ dysfunction/failure in intensive care units: results of a
multicenter, prospective study. Working group on “sepsis-related problems”
of the European Society of Intensive Care Medicine. Crit Care Med. 1998;
26(11):1793.
10. Camboni D, Philipp A, Rottenkolber V, Zerdzitzki M, Holzamer A,
Floerchinger B, Lunz D, Mueller T, Schmid C, Diez C. Long-term survival and
quality of life after extracorporeal life support: a 10-year report. Eur J
Cardiothorac Surg. 2017;52(2):241–7.
11. Enger TB, Philipp A, Lubnow M, Fischer M, Camboni D, Lunz D, Bein T,
Müller T. Long-term survival in adult patients with severe acute lung failure
receiving Veno-venous extracorporeal membrane oxygenation. Crit Care
Med. 2017;45(10):1718–25.
12. Hodgson CL, Hayes K, Everard T, Nichol A, Davies AR, Bailey MJ, Tuxen DV,
Cooper DJ, Pellegrino V. Long-term quality of life in patients with acute
respiratory distress syndrome requiring extracorporeal membrane
oxygenation for refractory hypoxaemia. Crit Care. 2012;16(5):R202.
13. Tan S, Bouwmans C, Rutten FF, et al. Update of the Dutch manual for costing
in economic evaluations. Int J Technol Assess Health Care. 2012;28:152–8.
14. Zorginstituut Nederland. Guideline for the performance of economical
evaluation in healthcare. https://www.zorginstituutnederland.nl/publicaties/
publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-
evaluaties-in-de-gezondheidszorg
15. Versteegh MM, Vermeulen KM, Evers S, de Wit A, Prenger R, Stolk EA. Dutch
tariff for the five-level version of EQ-5D. Value Health. 2016;19:343–52.
16. Mauskopf JA, Sullivan SD, Annemans L, Caro J, Mullins CD, Nuijten M,
Orlewska E, Watkins J, Trueman P. Principles of good practice for budget
impact analysis: report of the ISPOR task force on good research practices–
budget impact analysis. Value Health. 2007;10:336–47.
Oude Lansink-Hartgring et al. BMC Health Services Research  (2018) 18:172 Page 5 of 5
